A case of severe sepsis with multi-organ failure needing complex support was deemed too ill for transfer to a major centre. Telemedicine allowed direct patient review, collaborative advice and collegial support with maintained healthcare standards while avoiding long distance transfer from his home and family.
Telemedicine uses audiovisual technologies to assist in patient care where the intensive care unit (ICU) is unable to be staffed by a consultant intensivist. Care models range from simple video-consultation liaison services to complex and expensive remote 24hour bedside surveillance. In this report, we describe an illustrative case of a critically ill patient supported by an ICU telemedicine consultation liaison service to highlight the benefits and potential limitations of such a service.
CASE REPORT
A 65-year-old male was presented to the Accident and Emergency Department of Bundaberg Hospital, a regional centre in central Queensland, Australia. He complained of symptoms consistent with an acute pneumonic illness, being initially alert and orientated with oxygen saturations of 90% on room air and a chest X-ray showing bilateral upper and lower lobe alveolar consolidation. His past medical history was significant for chronic obstructive pulmonary disease requiring maintenance inhaled corticosteroids and longacting bronchodilators, as well as obstructive sleep apnoea and gastro-oesphageal reflux. A sudden deterioration in gas exchange following presentation was supported with non-invasive ventilation, but invasive ventilation was needed after two hours. Arterial blood gases on an FiO 2 of 1.0 showed a pH 7.14, P a CO 2 36 mmHg, P a O 2 100mmHg and HCO 3 -12 mmol/l. Noradrenaline to 24 µg/minute was needed to maintain a mean arterial pressure greater than 60 mmHg. Ceftriaxone and azithromycin were commenced. The white cell count was 20.1 X10 9 /l. Haemophilus influenzae grew from blood cultures and adenovirus DNA was isolated from a nasopharangeal aspirate. High airway pressures required permissive hypercapnia to 72 mmHg with an ongoing need for 100% oxygen. Oliguria with a serum creatinine of 472 µmol/l (64-108), persisting metabolic acidosis and hyperkalaemia (5.5 mmol/l) developed.
A bedside telemedicine video-consultation review was made between the local consultant anaesthetist (non-intensivist), junior medical staff, bedside and clinical supervising nurses of the regional unit and the tertiary centre intensive care specialist using a mobile videoconferencing system. Written summaries of the casenotes were faxed through to the tertiary unit and a summary consultation letter faxed back to the regional centre for amalgamation with the patient's clinical record. His illness was deemed to be a community-acquired pneumonia with organ failure too severe for aerial retrieval. In discussions and with direct observation of the clinical examination of the patient, monitor and ventilator parameters, in addition to a review of radiology and pathology from the statewide store and forward computer systems, were changed to a pressure-control strategy with both volume and pressure limitation, and the positive-end expiratory pressure increased to 15 cmH 2 O. The antibiotics were changed to pipercillin-tazobactam and intravenous hydrocortisone commenced. Intermittent dialysis was used, despite the haemodynamic instability due to a lack of continuous dialysis therapy resources. Advice was given regarding appropriate antibiotic dosing, the timing of dialysis and the expected problems during dialysis. Review of ICU housekeeping ensured appropriate early feeding, analgesia, sedation, head-up positioning, peptic ulcer prophylaxis and glucose management targets 1 .
His ICU management continued in the regional centre supported by telemedicine bedside consultations. He was extubated to non-invasive ventilator support on day seven and discharged to the general ward as he no longer needed ventilator or dialysis support after 11 days in the ICU. Collaborative advice and teaching were given on sedation, dialysis and fluid balance management, ventilator weaning, extubation, antibiotic rationalisation, the timing of central line removal and ward discharge planning.
DISCUSSION
We have shown that critically ill patients can have good outcomes with support in rural ICUs with the assistance of a telemedicine service. Care depends upon the breadth of basic critical care skills available from local medical and nursing staff in addition to equipment and care policies and procedures. Outcomes are improved with care supervision by specifically trained intensive care specialists 2 . For the isolated patient, telephone support from a major regional centre has traditionally been used but this limits full patient assessment. Patient instability and weather conditions may limit access to complex retrieval systems with inevitable delays to definitive care. Critically ill patient retrieval is also expensive, is limited by access to tertiary ICU beds and isolates a patient from their family and community.
Bundaberg Base Hospital is a 200-bed regional hospital in Queensland, Australia, serving approximately 45,000 people. The closest tertiary centre is 400 km away. The ICU consists of eight beds combined with coronary care. Previously an 'open ICU' model existed with primary team admission rights and anaesthesia staff only consulted on ventilated patients. There were no staff intensive care specialists. With approximately 400 ICU admissions per year, nearly 60 patients requiring more than two days of mechanical ventilation were referred to distant tertiary ICUs. There was nursing staff to support 1:1 care for invasively ventilated patients but otherwise care was largely 1:2. There were two principal house officers rostered to the unit, each in 12 hour shifts each day, and they were also responsible for medical emergency calls within the hospital. Medical rounds were ad hoc. The local healthcare staff were anxious of their critical care management. Support was inconsistent and contributed to staff retention problems.
In 2009, clinical ward rounds were held from Monday to Friday led by an intensive care specialist using point-to-point videoconferencing via IP at 1536 Kbps as both VC codec are Tandberg 990 based (Figure 1 ). The Bundaberg VC codec was wirelessly connected to the Queensland Health network with a battery backup allowing bed-to-bed mobility. Medical staff in Bundaberg prepared for ward rounds at a fixed time each day, presenting cases via the video-link to the consultant intensivist. The information follows a typical case presentation and the format for physical examination findings include 
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Anaesthesia and Intensive Care, Vol. 40, No. 5, September 2012 a description of support and monitoring systems. Pathology and radiology services were available using a statewide reporting system. The image quality was adequate to review clinical signs of inspection, ventilator settings and waveforms and monitor information (Figure 2 ). Consultation continued as needed to assist with care supervision or organisation of additional referrals and investigations as required. On-call support after hours was through the tertiary hospital ICU using the same videoconference system or telephone. Management was reviewed and agreements were reached by the clinical teams. Our case study illustrates the potential benefits to patient care of a new telemedicine program to support regional intensive care. Regional staff received both practical and academic ward rounds for complex care and case direction, as well as insights into the development of common policies and procedures. Such support also improved junior doctor recruitment and the professional relationship between the regional and tertiary units. While maintaining high acuity, patients in regional centres may stretch local resources; telemedicine provides opportunities to assist in clinical skill maintenance including the provision of more formal education sessions. The clinical experience of the implementation of the telemedicine ward rounds in Bundaberg and a reduced Acute Physiological and Chronic Health Evaluation III J standardised mortality ratio by 30% with comparable numbers of patients of similar disease severity are detailed in Table 1 . The number of retrievals decreased by 4% representing 20 patients with a cost saving of $152,000 (based upon quoted charges of Queensland Ambulance and Queensland Clinical Coordination 2012), although there was a doubling of time spent in the ICU per patient.
Telemedicine represents a real-time clinical consultation using videoconferencing technology generally with access to electronic systems for clinical imaging and pathology 3 . Australian healthcare, characterised by specialist shortages and a widely distributed population, has embraced telemedicine systems in various disciplines including emergency medicine 4 . Telemedicine use in intensive care medicine has only recently had outcomes formally described 4 . Reductions in severity adjusted ICU and hospital length-of-stay by 30 and 13% respectively, risk adjusted mortality reductions between 13 and 38% 5 with improved care protocol compliance 4 and the use of ICU telemedicine as an independent predictor of ICU survival 6 , are similar outcomes to those expected with an on-site intensive care specialist 2 . Direct comparisons are difficult due to the varied models of care. There may be benefits even in established ICUs. Similar results have been reported using commercial ICU telemedicine in seven university-affiliated and intensivist-staffed ICUs 7 and in five community-based ICUs 8 , although such findings are not commonly found using the same commercial systems 9 . Despite a review of 176 ICU telemedicine implementation reports, young found only 13 had clinical outcome details adequate for summary in a systematic review 10 . With inclusion of 35 ICUs and 41,000 ICU telemedicine-managed patients, 40% of reports had commercial interests with ICU mortality reduced by 20% and length-of-stay by 1.3 days without effect on their respective hospital outcomes.
For telemedicine ICU interventions to be effective, the resources available for the care continuum of the patient into and out of the ICU with a return to the community must be assessed. Perceptions of the problems with ICU telemedicine relate to issues of communication style and the need to resolve conflicts over care priorities 11 . The technique at least appears safe. Attention to the processes of care and direct peer review are most likely the significant contributors to improved patient outcomes 4 .
The provision of safe critical care requires teams with effective communication using verbal, written and electronic formats for both patient care and medico-legal responsibility delegation. ICU telemedicine is no different. Standardised practice using collaborative unit policy and procedures, quality assurance, training and preceptorship contribute to team building. However, ICU telemedicine repre-sents a new care model for patient relating to access and the development of a care relationship with the intensivist, timely and considerate information with no economic disadvantage.
CONCLUSIONS
Complex, critically ill patients can be successfully managed using ICU telemedicine. The context and care model must be assessed in accord with both patient and institutional needs. ICU telemedicine has the potential to assist in dealing with the tyranny of distance. Careful planning and more impact research is required to refine this important technological service.
